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The effect of skin temperature on vascular-specific 
injury caused by pulsed laser irradiation was examined. 
Ten healthy human volunteers were exposed to 1.5 mi-
crosecond pulses from a dye laser tuned to 577 nm. 
Compared to normothermic conditions (33 °C skin tem-
perature) significantly more laser energy (p < 0.01) was 
required to produce grossly visible purpura when the 
skin was cooled to 20°C or heated to 40°C. Histologi-
cally, laser-induced damage was confined to blood ves-
sels at all three skin temperatures studied. At purpura 
threshold dose, there was intravascular agglutination 
without extravasation of red blood cells at 20°C whereas 
at 33° and 40°C there was extravasation of red blood 
cells. 
Lasers are currently used primarily as surgical tools because 
the absorbed radiation cooks, boils, or explodes a small volume 
of tissue. Spatial confinement of these effects provides useful 
ways to cut or ablate. Lasers are also used to treat skin lesions 
by causing focal thermal coagulation necrosis of dermal colla-
gen, blood vessels, and other cutaneous structures. Insufficient 
spatial confinement of heat produced during therapy may lead 
to unnecessary damage of adjacent cellular structures and result 
in unwanted side effects such as epidermal sloughing and 
scarring as has been noted after treatment of port-wine stain 
lesions by argon laser [1] . 
In an effort to minimize nonspecific damage, measures have 
been taken to more closely match the wavelength to the ab-
sorption characteristics of the target, and to select pulse dura-
tions (pulsewidths) sufficiently brief to confine thermal effects 
to the target. This can be achieved by using pulsewidths shorter 
than calculated thermal relaxation times (2] of the target 
structures. For example, the tunable dye laser, operating at the 
577 nm oxyhemoglobin absorption band and in the microsecond 
pulsewidth range, has been used experimentally to cause ex-
tremely specific dermal vascular damage, while leaving sur-
rounding structures intact [3]. 
It has also been observed with argon laser radiation that 
cooling the skin with ice packs prior to treatment of port-wine 
stains decreased the incidence of scarring (4] . Recent work by 
Welch et al [5] using the Nd:YAG laser also showed that 
epidermis t::ould be "protected" by certain skin-cooling tech-
niques. Preliminary observations also suggest that varying skin 
temperature has an e(fect on the dose required to produce 
purpura in human skin with a pulsed tunable dye laser [6]. 
The present study attempts to define, quantify, and explain 
the effects of skin temperature on cutaneous vascular-specific 
lesions induced by a pulsed laser by correlating clinical and 
histololgic changes in normal human skin. 
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MATERIALS AND METHODS 
Forearm skin of 10 healthy, human volunteers, 8 men and 2 women , 
aged 18- 40 years, wi t h skin types I- III were studied. Each subject was 
seated in a room at an ambient temperature of 20-25•C and left to 
equilibrate with their environment for 20 min before commencement 
of the experiment. Single 2 mm-diameter circles were exposed to laser 
energies ranging from 0.25-3.0 J / cm 2 in 0.25 J /cm 2 increments, at each 
of the 3 skin temperatures investigated: 20·, 33•, and 40' C to a precision 
of 0.25 J/cm 2• The skin was cooled by applying a beaker of ice water 
for up to 5 min prior to laser irradiation. A skin temperature of 4o·c 
was achieved by exposure to a 250- W Sylvania infrared lamp placed 18 
inches from the skin surface. Skin temperature of the test site was 
measured using a continuous read-out Digitec Ht series 5810 thermom-
eter. 
The procedure was identical for each subject. Purpura threshold dose 
was first determined on normot hermic skin at 33· c. This was repeated 
on an adjacent area of skin cooled to zo•c and lastly on a t hird area of 
skin which was heated to 40 ' C. After laser exposure at different doses 
the presence or absence of clinical purpura was noted at each site o~ 
the forearm. Threshold was defined as the presence of purpura within 
the whole irradiated 2 mm -diameter circle. 
The procedure was then repeated on separate sites on buttock skin 
at each of the 3 temperatures using preselected laser doses at, below, 
and above threshold. A total of 6 punch biopsies were taken within 10 
min of laser irradiation from each subject a fter infilt ration with 1% 
Xylocaine. Skin temperature was maintained at the predetermined 
temperature after laser irradiation until infiltration of the area with 
1% Xylocaine. Tissue specimens were t hen submi tted for routine 
paraffin embedding and stai ned with hematoxylin a nd eosin. 
An optically pumped Candela model LFDL6 tunable dye laser with 
a yellow rhoda mine 575 dye operating at 577 nm with a pulsewidth of 
1.5 J.J S was used for this study. The laser output was focused using a 
planoconvex lens into a 1-mm quartz optical fiber. The end of t he fiber 
was imaged onto the skin at a 2:1 magnification , giving a 2 mm-
diameter spot. Laser pulse energies were measured us ing a Scientek 
laser energy meter calibr~ted to± 5% accuracy. 
RESULTS 
Skin temperature did affect threshold dose (Table I). There 
was a significant increase in purpura threshold dose of 0.49 J 1 
cm 2 when skin was cooled to 2o·c and of 0.35 Jjcm 2 when it 
was heated to 4o•c (p < 0.01 in both instances) (Fig 1). 
Although the morphologic endpoint at all 3 temperatures was 
purpura, the hue and time to onset for nonblanchable purpura 
differed at each of the 3 temperatures investigated. At a skin 
temperature of 2o·c, purpura was dusky purple and took up to 
10 min to appear, whereas at 33• and 4o· c, purpura was more 
typically red and appeared within 5 and less than 2 min, 
respect ively. 
HISTOLOGY 
At all temperatures, vascular damage was the predominant 
feature. Physiologic vasodilatation and vasoconstriction were 
seen in our histologic sections from heated and cooled skin, 
respectively. 
The quality and severity of erythrocyte alterations were 
similar at all 3 skin temperatures studied. A subtle but distinct 
hypereosinophilia was often apparent in otherwise normal red 
cells. More severely altered cells were similarly dense-staining, 
were markedly enlarged, but retained their smooth cellular 
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TABLE I. Threshold for purpura in Jjcm' for dye laser (577nm) 
exposures 
Subject Normothermic Heat Cold (33"C) (40"C) (20"C) 
A 1.75 1.75 2.0 
B 1.50 2.25 2.0 
c 1.50 1.75 2.0 
D 1.75 2.25 2.0 
E 1.50 1.75 2.0 
F 1.75 2.50 2.25 
G 1.75 1.50 2.0 
H 1.25 1.75 
1 1.50 1.75 
J 1.25 1..75 
Average 1.55 1.90 2.04 
Standard deviation 0.20 0.33 0.10 
Sign ificance vs 33' C p < .01 p < .01 
data by paired two-
tai led t-test 
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F IG 1. Significantly more laser energy was required to produce 
threshold purpura when skin was cooled to 20' C and heated to 40' C 
when compared Lo 33' C. 
contours. Further damage caused a granular or bubbly texture 
in t he cytoplasm, and t he most striking changes consisted of 
loss of recognizable red cell morphology and fusion of numerous 
individual cells into large amorphous or rod-shaped masses in 
which cell -to-cell boundaries could not be discerned (Fig 2a,b) . 
Damage to red blood cells increased with laser dose and dimin-
ished at t he periphery of the lesions, possibly reflecting the 
nonuniform beam profile and scattering of light within the 
tissue. 
Vessel walls also showed a spectrum of changes, from isolated 
pyknosis of endothelial cell and pericyte nucleii, to frank ne-
crosis of the entire circumference of the vessel, which was 
usually associated with a fused mass of erythrocytes. Denatu-
ration of perivascular collagen was not seen . Mast cells and 
fibrocytes appeared normal. 
The occu rrence and quantity of hemorrhage correlated with 
exposure dose and to a lesser extent, with skin temperature. At 
a ll temperatures tested, subthreshold energies produced similar 
patterns of minimal red blood cell fusion restricted to vascular 
lumens, except for a few small foci of hemorrhage present in 
t he 40' C group. This latter histologic feature (hemorrhage at 
40"C) apparent ly was not sufficient in magnitude to produce 
visible purpura in these subjects. However, at t hreshold, hem-
orrhage was seen in 2 of 4 20"C biopsies, 4 of 5 33'C biopsies, 
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FIG 2. Intravascular fusion of erythrocytes (large arrows and inset) 
with endothelial cell degeneration in the absence of extravasation of 
red blood cells when skin was cooled to 20' C. Inset, Masses of fused 
red blood cells. Mononuclear cells (small arrows) are unrelated to laser-
induced damage. Hematoxylin & eosin , x 150; inset, X 500. 
FIG 3. Hemorrhage surrounds blood vessels containing fused eryth -
rocytes (large arrows and inset) when skin is heated to 40' C. Inset, 
Masses of fused red cells and perivascular hemorrhage (small arrows) . 
Hematoxylin & eosin , x 150; inset, x 500. 
and in all 40'C biopsies (Fig 3). Hemorrhage occurring at 20'C 
threshold dose was less extensive when compared to biopsies 
taken at 33" and 40"C. Severe hemorrhage was present at 
suprathteshold doses at all 3 temperatures studied. 
Erythrocyte extravasation was more frequently seen in t he 
larger vesse ls of the horizontal subpap illary plexus than in t he 
smaller, more superficial papillary loop vessels. Fused masses 
of red cells were present at both locations. Biopsies taken at 
40"C and at suprat hreshold doses from a ll 3 temperature groups 
showed massive hemorrhage filling a large portion of the pap-
illa ry and superficial reticular dermis. However, t he vast ma-
jority of the extravasated erythrocytes appeared normal, sug-
gesting t hat t hese cells had been brought into t he area by t he 
reestablishment of blood flow within t hese damaged vessels in 
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the 10 min between lase r exposure irradiation and biopsy. This 
hypothesis was further supported by the presence of normal 
and markedly altered erythrocytes within the same vessel cross 
section in t he 40"C, but not in the 20oC specimens. Vasocon-
striction was evident in the 20°C biopsies; t his, coupled with 
the presence of masses of agglutinated erythrocytes within 
these vessels, may have contributed to the absence of hemor-
rhage by forming hemostatic plugs and preventing resumption 
of blood flow through them. 
At t he lower skin temperatures studied (33o and 20oC), 
hemorrhage was not always present as a histologic correlate of 
pu~pura . Individual and fused masses of altered erythrocytes, 
filling the lumen of focally necrotic vessels, were the only 
histologic changes seen in skin exhibiting nonblanchable, pal-
pable, purpura. 
DISCUSSION 
Skin temperature appears to play an important role in the 
outcome of the tunable dye laser irradiation at 577 nm in 
n.or~al huiJ_Jan skin .. This study demonstrates a statistically 
s1gmficant m crease 111 the laser energy required to induce 
purpura both when skin was cooled to 20oC and also when it 
was heated to 40°C. An increase in laser energy required to 
produce purpura was also reported by Paul et al [6] when 
surface skin temperatures changed from 33oC to 20° and 42°C. 
However, unlike our study, they were not able to demonstrate 
any statistically significant difference between the threshold 
doses at the 3 surface skin temperatures of 20°, 33° and 42°C. 
Perhaps this result can be explained by their small sample size 
the different morphologic criteria used by the investio-ators' 
and also by the use of a different laser at a pulse duration of 
300 ns and not 1.5 J.l.S as was used in this study. Besides this 
no skin biopsies were taken for histologic examination by Paui 
et al [6] . Furthermore, in our study, the histologic findings at 
purpura threshold doses explaining the nonblanchable purple 
color of skin differed as a function of temperature. Purpura 
was associated with intravascular agglutination at 20"C and by 
extravasation of red blood cells at 40°C. 
The surprising results presented here require an explanation. 
Such an explanation must reconcile the experimental results 
(Table I), clinical observations of purpura threshold endpoint 
and histology. In correlating the clinical endpoint with histol~ 
ogy at threshold doses, intravascular erythrocyte agglutination 
was found to be present at all 3 temperatures. However, hem-
orrhage also accompanied this change at skin temperatures of 
33° and 40°C. Because of cold-induced vasoconstriction and 
decreased blood flow in the superficial vessels at skin temper-
ature of 20oC (7], agglutinated red cell masses that formed as 
a result of laser irradiation may have been occlusive and pre-
vented the reestablishment of blood f1ow to the area after laser 
exposure. This may have delayed or prevented reflow-induced 
hemorrhage beyond t he 10-min period studied here, and may 
explain the absence of extravasation of red blood cells seen at 
20°C. The opposite might influence the nature of the histologic 
findings observed at 40"C threshold doses. Vasodilated vessels 
with higher flow rates [8] are less likely to be permanently 
occluded by the same size agglutinated red cell mass and reflew-
induced extravasation through injured vessel wall occurs more 
readily a nd sooner. Therefore, although the presence of such a 
structure might lead to a small reduction in blood flow, its 
effects will be temporary and, in general, blood flow through 
these vessels will be maintained. This, in conjunction with the 
reestablishment of blood flow to the area, could account for the 
presence of normal -appearing red blood cells within altered 
vessel lu mina as well as massive extravasation into the dermal 
interstitium. 
The clinical observations of subtle color differences in the 
appearance of purpura between cooled and warmed skin could 
in part be explained by the presence of masses of extravasated 
red blood cells coupled with earlier reestablishment of blood 
flow ~nder conditions of heating, compared to the presence of 
only mtravascular red blood cells plugging vessels at cooler 
temperatures. In the latter case, no reflow was seen because 
the m~ss of agglutinated red blood cells obstructed the already 
constncted vessels. Resultant stasis may have accounted for 
the clinical observation of a more dusky violaceous purpura. In 
contrast, under conditions of heating, the presence of masses 
of extravasated red blood cells within the papillary dermis and 
freshly oxygenated blood flowing through t hese vessels could 
produce the bright pink color. 
Other mechanisms may also contribute to the temperature-
related changes in threshold dose described in this study. At 
c?oler .skin temperatures vasoconstriction in the more superfi-
Cial m1crovessels may cause a net shift of the target chromo-
phore to deeper vessels where scatter has diminished radiant 
i~tensity. At higher skin temperatures, cutaneous microvessels 
dilate (as was evident in this study) and arteriovenous shunts 
a.re recruited; this results in an increase in blood flow, vessel 
s1ze, and blood content, and, in this instance, target size in the 
superficial dermis [9). 
It has also been demonstrated t hat increased vessel size 
causes an increase in laser energy required to produce a defined 
damage threshold [10]. As previously reported [2], the optical 
density of normal whole blood at 577 nm is such that one-half 
of the incident ene.rgy is absorbed withi.n 22 J.l.S. Thus, as vessels 
get larger, the penphery of the vessel IS heated more than t he 
center. This means that the larger vessels are being asymmet-
ncally heated with blood flow being maintained at the center 
of the vessel, and erythrocytes remain relatively unaffected. 
Therefore, in order to achieve the same temperature rise in 
larger vessels (i.e., deposit the same energy per unit vessel 
volume), one must increase the energy fluence incident upon 
these vessels. As more laser energy is applied to red blood cells 
at the periphery of the vessels, a point will be reached when 
these cells will explode and adjacent vessel walls will be dam-
aged, leading to extravasation of red blood cells into the sur-
rounding interstitium. 
One confounding fact is that as a vessel dilates, the vessel 
wall thickness is reduced and the tension in the wall increases. 
This implies that less force need be imparted upon the dilated 
vessel wall in order to induce a vessel tear. Although this factor 
would lead one to predict that less energy fluence is needed to 
induce hemorrhage, one should realize that the capillaries most 
affected by the irradiation are oriented such that in the dermis 
they tend to lie perpendicularly, not parallel, to the skin surfac~ 
[11]. These surface vessels, therefore, are affected over only a 
small portion of their length (i.e., their apex)-the remainder 
of the vessel being somewhat shielded by t he blood at the apex · 
thus, some of the microvaporization-induced pressure rise i~ 
these vessels can be transmitted down the length of the vessel. 
Naturally, as a vessel dilates, the resistance along the vessel 
axis decreases; thus, for larger vessels, less of the pressure wave 
energy is absorbed in the immediately surrounding wall and 
more is transmitted to regions of the vessel which are shielded 
from the direct laser irradiation. Thus, there are two arguments 
to explain the observed requirement of increased energy fluence 
for heated, vasodilated skin: the first concerns the optical 
shielding of blood within larger vessels, the second concerns 
~esse! orientation and a mechanism by which localized pressure 
mcreases are better tolerated by these vessels. 
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